BACKGROUND: Previous studies have indicated that the secretion of the intestinal satiety hormone glucagon-like peptide-1 (GLP-1) is attenuated in obese subjects. OBJECTIVE: To compare meal-induced response of GLP-1 and glucose-dependent insulinotropic polypeptide (GIP) in obese and lean male subjects, to investigate the effect of a major weight reduction in the obese subjects, and to look for an association between these hormones and ad libitum food intake. METHOD: Plasma concentrations of intestinal hormones and appetite sensations were measured prior to, and every 30 min for 180 min after, ingestion of a 2.5 MJ solid test meal. Gastric emptying was estimated scintigraphically. An ad libitum lunch was served 3 h after the test meal. SUBJECTS: Nineteen non-diabetic obese (body mass index (BMI) 34.1 ± 43.8 kgam 2 ) and 12 lean (BMI 20.4 ± 24.7 kgam 2 ) males. All obese subjects were re-examined after a mean stabilised weight loss of 18.8 kg (95% CI 14.4 ± 23.2). RESULTS: Total area under the GLP-1 response curve (AUC total, GLP-1 ) was lower in obese before and after the weight loss compared to lean subjects (P`0.05), although weight loss improved the response from 80 to 88% of that of the lean subjects (P 0.003). The GIP response was similar in obese and lean subjects. However, after the weight loss both AUC total, GIP and AUC incremental, GIP were lowered (P`0.05). An inverse correlation was observed between AUC incremental, GIP and energy intake at the subsequent ad libitum meal in all groups. In lean subjects ad libitum energy intake was largely predicted by the insulin response to the preceding meal (r 2 0.67, P 0.001). CONCLUSION: Our study con®rmed previous ®ndings of a reduced postprandial GLP-1 response in severely obese subjects. Following weight reduction, GLP-1 response in the obese subjects apparently rose to a level between that of obese and lean subjects. The data suggests that postprandial insulin and GIP responses are key players in short-term appetite regulation.
Introduction
Absorption, as well as the mere presence of nutrients in the small intestine, contributes to the meal induced satiety response. 1 There is increasing evidence to indicate that glucagon-like peptide-1 (GLP-1) is one of the mediators, not only of the so-called ileal brake, 2 ± 4 but also of the post-meal satiety response. Infusion of GLP-1 in humans has been shown to increase the feeling of fullness and satiety after a meal. 5 ± 7 This effect is possibly mediated through inhibition of the gastric emptying, 6, 8 perhaps combined with a more direct effect of GLP-1 on areas of the central nervous system involved in appetite regulation. 9, 10 Previously, obesity has been shown to be associated with attenuation of the postprandial response of GLP-1 11 ± 13 consistent with the previously reported reduced secretion of intestinal proglucagon products in obese subjects. 14 The effect of weight reduction on meal induced GLP-1 response has only been investigated after jejunoileal bypass surgery, resulting in an increase in GLP-1 response to a level above that of lean subjects. 11 However, jejunoileal bypass surgery may in itself induce a change in GLP-1 release, due to increased exposure of the terminal ileum to food components. 15 Whether glucose-dependent insulinotropic polypeptide (GIP) has a role in appetite regulation is still unknown. In studies from our institute the postprandial GIP response was found to be inversely related to the subsequent feeling of satiety. 16 ± 18 Furthermore, higher postprandial GIP responses to a high-fat test meal were seen in post-obese women compared to lean controls. 16 These ®ndings suggest that GIP may promote hunger and that supra-normal GIP responses could be a contributing factor to the development of obesity. 16 Recently, Speechly and Buffenstein described an inverse relationship between insulin concentration 5.5 h after a ®xed meal and the subsequent food intake in lean subjects, but not in obese subjects. 19 The notion that insulin promotes satiety is supported by previous studies. 20 GIP and GLP-1 are known to be important incretin-hormones, 21 and in theory the increase in satiety produced by the intestinal handling of nutrients might, in part, be mediated through an increased insulin response.
The primary aims of the present study were to compare the response of GLP-1 and GIP to a standardised test meal in obese and lean male subjects, and to re-examine the obese subjects after a major, diet-induced weight loss. We also wanted to examine the possible relationship between postprandial GLP-1, GIP and insulin responses on the one hand and gastric emptying rate and appetite regulation on the other.
Subjects and methods

Subjects
Thirty-®ve healthy male subjects between the ages of 18 and 50 y were recruited by newspaper and television advertisements, or through personal contact. Twenty-three subjects were obese compared to 12 normal-weight controls. Four obese subjects did not complete the study and only data for the 19 completers are presented (Table 1 ). All subjects were Caucasian, non-diabetic, non-smokers, and none were competition athletes. The two groups were matched for height and age, and the obese subjects were controlled for weight stability as previously described. 22 None of the subjects used medication and none had proteinuria, hematuria or glucosuria, as tested by sticks (Ecure 4 -test
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, Boehringer Mannheim GnbH, Germany). Fasting plasma triglycerides, total cholesterol, high density lipoprotein, alanine aminotransferase, aspartate aminotransferase and glucose were within the normal ranges in the lean subjects. As expected, these values tended to be slightly increased in obese subjects. 22 Weight loss and maintenance The obese subjects were re-examined 6 months later, following a weight reduction of 18.8 kg (range 5.3 ± 32.7 kg) or 14.8% (range 4.0 ± 26.6%) of their initial body weight ( Table 1 ). The weight reducing programme consisted of 8 weeks on a strictly controlled 4.2 MJaday low calorie formula diet (GERLINE Â A 1 , WASABRéD AaS, Skovlunde, Denmark), followed by 8 weeks on a self-composed, energy-restricted diet providing 6.3 MJaday, and 8 weeks weight maintenance diet (for details see Verdich et al). 22 Apart from weighing at the department every week during the ®rst 8 weeks, and every second week during the rest of the intervention, we did not control for compliance.
Drop outs
One obese subject dropped out of the study after a weight loss of 25 kg during the ®rst 8 weeks. His reason was that he was unable to adhere to the 6.3 MJaday diet as he began to regain weight. Two subjects left the study immediately GIP, GLP-1 and insulin in obesity and appetite regulation C Verdich et al before the re-examination. Re-examination could not be completed in one subject due to severe migraine. As a group the four drop-outs did not differ from the 19 completers with respect to initial anthropometrical measures or weight loss.
Standardisation
All subjects adhered to a standardised isocaloric conventional diet as described previously on the day prior to the examination day. 22 Meal-related hormone response, gastric emptying and subjective appetite rating After 12 h fasting and abstinence from water since midnight the subjects arrived, using motorised transportation, at the Department of Clinical Physiology and Nuclear Medicine at around 8:30 a.m. Between 9:00 and 9:30 a standardised, solid test-meal, consisting of a sandwich of 135 g wheat bread with omelet as ®lling, with 200 ml tap water, was served. The 2.5 MJ meal consisted of 20 E% (percentage energy) protein, 50 E% carbohydrate and 30 E% fat, with an energy density of 9.0 kJag. To estimate the rate of gastric emptying approximately 60 Mbq of 99m Tc-labeled sulfur colloid was added to the omelet immediately before cooking. Images were acquired for 120 s every 30 min during the following 3 h (for details see Verdich et al 22 ). Blood samples were taken in the fasting state and 15, 30, 45, 60, 90, 120, 150 and 180 min after consumption of the test meal. Visual analogue scales (VAS) were used to assess appetite sensations in the fasting state, at half-hour intervals throughout the 3 h post test meal and after termination of the ad libitum meal. 7 Three hours and 10 ± 15 min after the test meal the subjects were served an ad libitum lunch consisting of a homogeneous salad made from cold boiled pasta, sliced ham, cheese, red pepper, green peas and dressing, with an energy density of 7 kJag with 16.4 E% protein, 48.1 E% carbohydrate and 35.5 E% fat. The lunch was served in a separate room. The subjects were separated by screens so that they could not see each other. They were instructed not to speak to each other. A large bowl of pasta salad, a bottle of water, and an empty plate were placed in front of each subject. The subjects were instructed to drink as much as they wanted, to take as many helpings of the salad as they liked, and to stop eating when they felt pleasantly satiated. The subjects were fully aware of the purpose of the experiment.
The computer database of foods from the National Food Agency of Denmark (Dankost 2.0, Danish Food Tables 1989) was used to calculate the energy and nutrient composition of the meals and diets.
Dual energy X-ray absorptiometry (DEXA) scanning To assess body composition the subjects were DEXA-scanned at the beginning of the study and the obese subjects were scanned again after 24 weeks of weight loss and weight maintenance. A Lunar DPX-IQ Image Densitometer (DPX, Lunar Corporation, Madison, USA) was used. Lean subjects were generally scanned in the apparatus' fast mode and obese subjects were scanned in slow mode at both examinations. There was, however, some deviation from this procedure because sagittal height was used as a guideline for the selection of scan mode.
Laboratory analyses
Venous blood was drawn without stasis through an indwelling antecubital cannula into syringes (Vasculette 1 , Greiner Labortechnic). Samples to be analysed for non-esteri®ed fatty acids (NEFA), GIP and GLP-1 were taken into iced syringes and were kept on ice until centrifugation. Syringes contained EDTA K 3 asodium-¯uoride for glucose samples, and EDTA and NEFA, GIP and GLP-1 samples. No anti-coagulants were added to the syringe for insulin samples. All samples were centrifuged for 10 min at 2800 g at 4 C. The supernatant was transferred into plastic tubes and kept at 720 C until analysis. This was performed within 30 ± 60 min. Plasma NEFA was quanti®ed by an enzymatic colorimetric method (Wako NEFA test kit, NEFA C, ACS-ACOD Method, code no. 994-75409 E). Plasma concentrations of glucose were determined by end point analysis with MPR3 Gluco-Quant 1 , Glucosea HK Kinetic 1442457 (Boehringer & Manheim GmbH) with the hexokinaseaG6P-DH method, analysed on a Cobas Mira (Rosche Diagnostic System). Serum concentration of insulin was determined on an Auto Del®a Fluriometer 1332 by direct immuno¯uorimetric sandwich technique with Auto DELFIA (TM) insulin kit B080-101 (Wallac Denmark AaS). Plasma GIP and GLP-1 concentrations were measured after extraction of plasma with 70% ethanol (volavol, ®nal concentration). For the GIP radioimmunoassay 23 we used the C-terminally directed antiserum R65, which reacts fully with human GIP but not with the so-called GIP 8000, the chemical nature of which and its relationship to GIP secretion are uncertain. Human GIP and 125-I human GIP (70 MBqanmol) were used for standards and tracer. The plasma concentrations of GLP-1 were measured 24 against standards of synthetic GLP-1 (7-36) amide using antiserum code no. 89390, which is speci®c for the amidated C-terminus of GLP-1 and therefore does not react with GLP-1-containing peptides from the pancreas. The results of the assay accurately re¯ect the rate of secretion of GLP-1 because the assay measures the sum of intact GLP-1 and the primary metabolite, GLP-1 (9-36) amide, into which GLP-1 is rapidly converted. 25 For both assays sensitivity was below 1 pmolal, intra-assay coef®cient of variation was below 6% at 20 pmolal, and recovery of standard, added to plasma before extraction, was about 100% when corrected for losses inherent in the plasma extraction procedure. Determination of GLP-1 and GIP in blood samples was carried out in three separate runs over 15 months. For example, blood samples taken prior to the weight loss in obese subjects were analysed GIP, GLP-1 and insulin in obesity and appetite regulation C Verdich et al separately from the blood samples taken after the weight loss. In order to investigate the reproducibility between the two sets of results, we repeated analysis for GLP-1 in blood samples taken before the weight loss in 10 obese subjects together with blood samples taken after the weight loss. The values from the second analysis were not signi®cantly lower than values from the ®rst analysis ((P 0.11), in a two-factor repeated measurement ANOVA).
Ethics Informed, written consent was obtained from all subjects after the experimental protocol had been described to them in writing and orally. The study is in accordance with the Helsinki-II Declaration and was approved by the ethical committees of Copenhagen, Frederiksberg and Zealand (Registration no. 01-143a97).
Statistics
The overall 3 h gastric emptying rate was calculated separately for each subject by linear regression on the six repeated measures of percentage of initial gastric content (StatView SE Graphics 2 ). Anthropometrical measures, fasting concentrations, total and incremental area under curve (AUC (0-180) ) for hormones and metabolites, measures of appetite and initial and 3 h emptying rates were compared by t-test for independent samples (lean vs obese) and paired t-test (obese before and after weight loss) (SPSS 8.0, 9.0 and 10.0 for Windows). Finally, the hypothesis that postprandial AUC total, GLP-1 increases gradually when overweight is reduced (obese`reduced obese`lean) was tested by the non-parametric Jonckheere ± Terpstra test. In this test it was not possible to take into account the fact that the obese and reduced obese were the same subjects. However, since the null-hypothesis (Ho) is that there is no difference between the two neighboring measurements this will increase the risk of a type II error. For all statistical tests the level of signi®cance was set to P`0.05.
Results
As compared to lean the obese subjects presented higher fasting and postprandial concentrations of insulin, glucose and NEFA ( Figure 1 , Table 2 ). Following a mean weight reduction of 18.8 kg concentrations of glucose, NEFA and insulin were reduced and concentrations of glucose and NEFA were similar to the concentrations seen in lean subjects, whereas the insulin concentrations were still augmented ( Figure 1, Table 2 ).
Fasting concentrations of GLP-1 and GIP were similar in lean and obese subjects (Table 2, Figure 2 ). Fasting GIP concentration was signi®cantly reduced following weight reduction, whereas the fasting concentration of GLP-1 remained unchanged (Table 2, Figure 2 ). Postprandial GIP response was similar between obese and lean subjects but was reduced following weight reduction. AUC total, GLP-1, 1 was lower in obese as compared to lean subjects. Using the Jonckheere ± Terpstra test a sequential increase in AUC total, GLP-1 was found, so that the AUC increased in a stepwise manner from obese to reduced obese, and from reduced obese to lean subjects (P 0.003). AUC incremental, GLP-1 was found to be similar in lean and obese subjects, but 36% lower in reduced obese compared to lean subjects (P`0.05). However, this difference disappeared after exclusion of data from one reduced obese subject, who presented a fasting GLP-1 was 37 pmolal, total GLP-1 response was 3780 pmolal Â 180 min and incremental GLP-1 response was 72.880 pmolal Â 180 min.
Gastric emptying
The results regarding gastric emptying have been published separately. 22 No differences were seen in the overall gastric emptying rate, which was approximately 30% per h in all groups (Table 2) .
Appetite, energy intake and palatability
There was a signi®cant difference in the feeling of hunger prior to the test meal between the two examinations of obese subjects (P`0.01) with a tendency to a higher feeling of hunger at the second examination. No differences were seen between lean and obese subjects with regard to the fasting level of the other appetite measures or delta peak, mean change over the post test meal period (20 ± 170 min after the test meal), or AUC for appetite measures. In obese subjects there was a tendency for the change in hunger and prospective consumption over the post meal period to be higher before compared to after the weight loss (P 0.05 and P 0.09 respectively). Furthermore, changes in hunger and satiety over the postmeal period were less pronounced in the reduced obese subjects compared to the lean subjects (P`0.05 for both). Finally, reduced obese subjects tended to report a higher feeling of fullness after the ad libitum meal than at the ®rst examination (P 0.08). Ad libitum energy intake was identical in all three groups (Table 2 ), despite the fact that one obese subject ate more than 1.4 kg of the pasta salad at the second examination compared to 0.66 kg prior to the weight loss. This single measurement was excluded from the correlation analysis.
Subjective ratings of the meals
Reduced obese subjects evaluated the aftertaste of the test meal to be greater than at the initial test day (P`0.03). The reduced obese group rated the smell of the test meal less positively than did the lean subjects (P`0.03). No differences were seen in the evaluations of the ad libitum meal.
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Relationship between hormones and metabolites and gastric emptying
No correlation existed between responses of GIP, GLP-1, glucose or NEFA and either overall gastric emptying rate or percentage gastric emptying during the initial 30 min.
Intestinal hormones and appetite regulation
An inverse correlation between AUC incremental, GIP and subsequent energy intake at the ad libitum lunch was found in all three subject groups, although the relationship was only borderline signi®cant for lean subjects (P 0.07; Figure 3 ). Further, in lean subjects, AUC incremental, GIP was inversely correlated with AUC prospective, consumption (r 2 0.39, P`0.03) and AUC hunger (r 2 0.35, P`0.05) and positively correlated with AUC satiety (r 2 0.35, P`0.05) and AUC fullness (r 2 0.33, P 0.05). Similar correlations were not found in the obese or reduced obese group. In obese subjects high AUC incremental, GLP-1 was related to a low reduction in the feeling of fullness Figure 1 Serum concentration of insulin (top) and plasma concentrations of glucose (middle) and non-esteri®ed fatty acids (bottom) before and during a 3 h period after a 2.5 MJ test meal in 12 lean male subjects, and 19 obese subjects before and after a major weight loss. Data are means and 95% con®dence interval. Figure 2 Plasma concentrations of GLP-1 (top) and GIP (bottom) before and during a 3h period after a 2.5 MJ test meal in 12 lean male subjects, and 19 obese subjects before and after a major weight loss. Data are means and 95% con®dence interval.
GIP, GLP-1 and insulin in obesity and appetite regulation C Verdich et al over the post-meal period (r 2 0.25, P`0.03). However, in lean subjects a positive correlation was seen between AUC incremental, GLP-1 and the increase in feeling of hunger over the post-meal period (r 2 0.43, P 0.02).
Insulin and appetite regulation
In lean subjects energy intake at the ad libitum meal was inversely related to both fasting insulin concentration prior to the ®xed test-meal (r 2 0.52, P 0.008); insulin concentration immediately before the ad libitum meal (r 2 0.30, P 0.06); AUC total, insulin and AUC incremental, insulin (r 2 0.67, P 0.001; r 2 0.62, P 0.002 respectively) ( Figure 4) . In a stepwise regression analysis AUC total,insulin was found to explain 67% of the variation in ad libitum energy intake, leaving no further contribution by other hormones.
Intestinal hormones and insulin response
In obese subjects an inverse correlation was seen between AUC incremental, GLP-1 and AUC total, insulin , as well as AUC incremental, insulin (r 2 0.31, P`0.02; r 2 0.31, P`0.02, respectively).
Discussion
In agreement with previous studies an attenuated postprandial GLP-1 response was observed in the obese subjects. The response of the reduced obese subjects appears to be intermediate between the response for obese and lean subjects, which points towards some improvement of the GLP-1 response after the weight loss. The reduced weight stable obese subjects still had a mean BMI of 33 kgam 2 and had lost only 40% of their overweight, which suggests that postprandial GLP-1 response normalises gradually when overweight is reduced. These ®ndings suggest that the previously described supra-normal GLP-1 response in weight-reduced obese subjects could possibly be ascribed to the weight loss intervention Ð jejunoileal bypass surgery Ð rather than the weight loss per se. 11, 15 When evaluating our ®ndings it is important to note that the size of the test meal was the same in all Data are expressed as mean and 95% CI. *P`0.05, **P`0.01, ***P`0.001 vs lean subjects.
{ P`0.05, {{ P`0.01; {{{ P`0.001 vs lean subjects. § P`0.05, § § P`0.01; § § § P`0.001 vs obese subjects.
a When excluding data from one reduced obese individual for whom fasting GLP-1 was 37 pmolal total AUC was 3.780 pmolal Â 180 min, and incremental GLP-1 response was7 2.880, incremental GLP-1 response was no longer different between lean and reduced obese. Figure 3 Relationship between 3 h incremental GIP response following a 2.5 MJ test meal (abscissa) and subsequent ad libitum energy intake at lunch (ordinate) in 12 lean male subjects, and in 19 obese subjects before and after a major weight loss. (Lean: r 2 0.29, P 0.071, obese: r 2 0.31, P 0.014; reduced obese: r 2 0.22, P 0.044).
GIP, GLP-1 and insulin in obesity and appetite regulation C Verdich et al subjects and that the gradual normalisation of the GLP-1 response with weight loss may simply re¯ect a stepwise decrease in daily energy requirement and a larger proportion of daily energy needs covered by the test meal when weight was reduced. Increased plasma concentrations of NEFA and glucose have previously been suggested as inhibitors of the GLP-1 release in obesity. 12, 26 In the present study no correlations were seen between the GLP-1 response and either fasting concentrations or postprandial responses of glucose and NEFA. In reduced obese subjects the postprandial responses of NEFA and glucose were fully normalised, whereas the GLP-1 response was still low after the weight loss, suggesting that the increase of plasma NEFA or glucose concentrations is not the primary cause of reduced GLP-1 response in obese subjects.
The postprandial GIP response was found to be similar in obese and lean subjects but was reduced after the weight loss. Postprandial GIP response has previously been described as normal, 27 augmented 29 or attenuated 30 in obese as compared to lean subjects. Furthermore, augmentation of the GIP response to a high fat meal has been described in postobese and reduced obese subjects. 16, 28 These apparently contradictory ®ndings may be attributable to differences in the methods used to determine plasma concentration of GIP. 28, 30 For example, the assay used in the present study does not cross-react with GIP 8000. The present ®ndings suggest that an impaired postprandial GIP response may re¯ect a primary dysfunction preceding the obese state that contributes to the hyperphagia, which is the most important phenotypic trait of obesity. Another possibility is that postprandial GIP responses are in¯uenced by the composition of the habitual diet andaor the energy balance. 31 ± 33 The obese subjects in the present study were on a low-fat diet throughout the 6 month period between the two examinations. This change in the habitual diet is likely to have affected the gastrointestinal handling of the test meal even though all subjects consumed a standardised diet on the day prior to examination. 34 It is therefore possible that reduced intake of fat and added sugars and increased intake of ®bre, which is thought to transfer the intestinal absorption to the lower part of the small intestine, could explain the observed decrease in GIP-response and increase in GLP-1 response. 35, 36 Another purpose of this study was to examine the role of the incretin hormones and insulin in the regulation of gastric emptying and appetite. In the lean subjects ad libitum energy intake was inversely related to fasting insulin concentration and to the insulin response to the preceding ®xed test meal. In fact, 67% of the variation between subjects in the ad libitum intake could be accounted for by differences in the insulin response, whereas the glucose response was unrelated to intake. In a previous study Holt and co-workers have described a similar relationship, ®nding that 16% of variance in ad libitum energy intake could be accounted for by differences in the insulin response induced by the preceding test meal. 20 Speechly and Buffenstein have recently reported in lean subjects that insulin concentration before an ad libitum lunch, was inversely correlated to the energy intake. 19 In the present study an inverse correlation was found between responses of insulin and GLP-1 in obese subjects. It is well known that GLP-1 stimulates insulin release and we therefore suggest that this ®nding may re¯ect two independent effects of the obese state: reduction of meal induced GLP-1 release and increased insulin release. The lack of a positive relationship between insulin and incretin hormones supports the hypothesis that the correlation between insulin and ad libitum energy intake does, in fact, re¯ect a cause and effect relationship. Previously, euglycemic infusion of insulin in humans has been shown not to affect appetite regulation, suggesting that insulin does not enhance satiety under these circumstances. 38 However, this does not exclude the possibility of an interactive effect on appetite regulation mediated by insulin in combination with post-meal increase in plasma glucose or the release of intestinal hormones. Nor can a hepatic effect induced by the high portal insulin concentration following meal ingestion be excluded. 38 In addition, intracerebroventricular administration of insulin has been shown to reduce energy intake in baboons. 39 The present observation strengthens the hypothesis that insulin plays an important role in appetite regulation. We found no correlation between ad libitum energy intake and insulin response in obese subjects, which is in agreement with the ®ndings of Speechly and Buffenstein. 19 Given that insulin is a satiety hormone, this part of the appetite regulation may be dysfunctional in obese subjects. It has previously been suggested that insulin resistance in obesity might work to protect the body against further weight gain. 37 However, if insulin acts as a satiety factor it follows that insulin resistance might, in fact, promote further weight gain and hamper weight loss. Further studies are needed in order to investigate the role of insulin in appetite regulation in humans and to test the hypothesis that insulin resistance may be an important determinant of the hyperphagia in obese subjects.
Together with the relationship between insulin and ad libitum energy intake in lean subjects we found an inverse correlation between the incremental GIP response induced by the test meal and the subsequent energy intake at the ad libitum meal in all groups. A corresponding correlation was seen between incremental GIP response and VAS-scores for appetite measures in lean subjects. In a stepwise regression analysis including insulin response only the VAS-scores proved to be signi®cant, while the relationship between GIP and ad libitum intake disappeared. However, responses of insulin and GIP were not found to be correlated, and we take the results as evidence of a possible role for both insulin and GIP in appetite regulation. Our present ®ndings are in contrast to ®ndings from earlier studies performed in this department, where an inverse relationship was found between GIP response to a ®xed meal and subsequent parameters of satiety. 13 ± 18 These contradicting ®ndings may stem from differences in experimental settings, whereas the assay GIP, GLP-1 and insulin in obesity and appetite regulation C Verdich et al was the same. However, from the ®nding of an impaired GIP response in reduced obese and a possible role of GIP in the post-meal satiety response, GIP may prove to be a central factor in the development of obesity and reduced GIP response following a weight loss might predispose to relapse. Studies examining the effect of infusion of GIP or GIP antagonists on appetite regulation are needed to test the hypothesis that GIP is a satiety hormone. From human infusion studies it is known that peripherally infused GLP-1 inhibits gastric emptying and increases post-meal satiety. 5 ± 8 However, in the present study we found no consistent correlations between the GLP-1 response and gastric emptying and ad libitum energy intake at lunch, and only a weak correlation was seen between the GLP-1 response and subjective appetite measures. The lack of correlation may possibly be attributable to the fact that plasma concentration of GLP-1 may not re¯ect the concentration that acts on the effector organs. Firstly, the GLP-1 concentrations measured represent the sum of the active hormone and its primary inactive metabolite. 40 Secondly, AUC is only a rough estimation of the integrated changes in plasma concentrations of GLP-1, because of the long intervals between blood sampling and the possible pulsatile release of GLP-1. 41 Finally, it has been proposed that GLP-1 secreted from the intestinal L-cells may act through a direct stimulation of vagal nerve endings in the intestinal wall or in the hepatic circulation. 42 Recent studies have shown that about 50% of the newly secreted GLP-1 is metabolised to its primary metabolite when passing from the intestinal stroma into the capillary bed. 43 Peripheral plasma concentration of GLP-1 may not, therefore, be an adequate measure of the GLP-1 mediated neural signalling in the gut.
In conclusion, insulin and GIP may serve as mediators of the postprandial satiety response, and the insulin resistance in obesity may promote further weight gain. The attenuation of postprandial GLP-1 response in obesity is somewhat reversed in response to weight reduction. It is not clear whether the reduction in postprandial GIP response following a stabilised weight reduction re¯ects a dysfunction in the GIP secretion in humans prone to obesity or simply the change in habitual diet. Figure 4 Relationship between 3 h insulin response following a 2.5 MJ test meal (abscissa) and ad libitum energy intake at lunch (ordinate) in 12 lean male subjects.
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